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Introduction
One section of mechanics of materials changed from a traditional to a blended format. This is a medium enrollment course (N=68, traditional and N=73, blended) in the mechanical engineering (ME) department. It is required coursework for ME, biomedical (BME), civil, and some other engineering majors and is typically taken during the sophomore year. Other engineering students can take the course as an elective; prerequisites include statics and calculus. The traditional course used the three 50-minute weekly class meetings for lecture. The blended course used the same class meetings for a mixture of lecture, in-class activities, and problem solving ( Table 1) . The two non-lecture days were held in a classroom specifically designed to facilitate group work and active learning. The two classes used the same online homework and exam formats. To answer the question, Do students benefit from the blended course?, we compared exam scores from the traditional and blended courses. To answer the question, How do students progress on Bloom's taxonomy in the blended course?, we used worksheets that served both as learning activities and measurements of Bloom's taxonomy progress. We focused on two concepts that students typically have difficulty with: transverse shear and stress transformations. Each of the two concepts occupied one week approximately mid-semester. Finally, we use a survey to assess student's perception of the blended course's effectiveness.
Background and literature
Active learning formats have been shown to improve scores and decrease failure rates . Blended learning frees up a portion of class time for active learning by using a combination of face-to-face and online delivery of material. Even more active than a blended course, in a 'flipped' course, all material is delivered out of class (typically online), and all class time is active. In this literature review, studies of flipped classrooms were more common. Because the flipped and blended formats are related, we find studies of flipped classrooms useful. O'Flaherty and Phillips completed a review of flipped classroom studies in higher education and found that academic performance is improved over traditional classrooms (O'Flaherty & Phillips, 2015) . However, they did not find improved long-term learning. They also found that students like the flipped approach. In engineering, Olwi compared flipped and traditional fluid mechanics courses (Olwi, 2006) . They found that the students in the flipped classroom scored higher on exams and were more confident in their knowledge. Mason et al. compared a traditional and flipped course structure in an upper level engineering course (Mason, Shuman, & Cook, 2013) . They concluded that the flipped classroom approach was at least as good as, and possibly better than, the traditional approach in terms of academic marks. Thus, we expected students in our course to benefit from, or at least not by harmed by, the blended format.
Both transverse shear and stress transformation concepts require and understanding of shear stress, which is often a difficult topic for mechanics students. Crone and Creuziger investigated why shear stress is consistently difficult for students and what activities students find most helpful (Crone & Creuziger, 2006) . The study used a survey and interviews to answer these questions. Students said that the most helpful activities were homework, lecture, and discussion. The textbook and supplementary materials were rated lower. They suggested that peer teaching may be an effective strategy since the students had difficulty with different topics. Active learning was also suggested as a helpful strategy. These results suggest that the blended classroom could be useful as it emphasizes active learning and gives opportunities for peer teaching.
Bloom's taxonomy is a well-known way to categorize cognitive knowledge structures (Crowe, Dirks, & Wenderoth, 2008) . Though the taxonomy is not necessarily chronological and there are various definitions, here we will use the following levels in order of increasing complexity (as in Crowe et al.) : knowledge, comprehension, application, analysis, synthesis, and evaluation. In computer science, one study considered how student's knowledge and comprehension levels relate to actual programming, which is considered application level (Cabo, 2015) . Cabo found that basic knowledge and comprehension levels are a pre-requisite to good programming. This aligns with our hypothesis that students would first access the comprehension level and then progress to application level as they learn to solve problems.
Study design and methods
We studied the three evaluation questions with exams, worksheets, and surveys. Exams in both courses included multiple choice questions and problem solving. Worksheets were created specifically for the blended course to meet content learning objectives and to cover three Bloom's taxonomy levels (comprehension, application, and synthesis). The first worksheet was a short (ten minute) online multiple choice worksheet completed individually to capture only the baseline knowledge from lecture and online reading assignments. The second worksheet was also online but was not time-limited. It had multiple choice and problem solving questions and was completed with the help of peers and instructors. Each worksheet also asked students which class activities they had completed: attending lecture, online reading assignment, or homework. A survey measured student perception and was based on the student assessment of learning gains (SALG) survey format (Seymour, Wiese, Hunter, & Daffinrud, 2000) .
Each assessment was designed to measure an evaluation question and to support student learning. Assessments are related to the evaluation hypotheses in Table 2 and learning objectives in Table 3 . The schedules for the two weeks that were studied for Bloom's levels are provided in Table 4 . Worksheets and related details are provided in the Appendix. 
Hypothesis
Assessments and use as measurement Blended learning will improve student performance overall.
• Compare blended and traditional cohort exams scores.
• Consider cofactors of year in school, major, and gender. Activities used will improve learning by moving students 'up' the Bloom's taxonomy.
• First worksheet: short formative assessment measures baseline knowledge.
• Second worksheet: longer formative assessment measures success of active learning. Students will perceive learning gains in week.
• SALG survey 
Learning outcome Assessments and use for student learning
Overall Apply mechanics of materials concepts to solve engineering problems.
• Four exams provide feedback through semester.
Topic Specific
Apply transverse shear concepts to problems.
Employ stress transformation equations and
Mohr's circle to analyze stress states.
• First worksheet provides immediate feedback and opportunity to identify misconceptions.
• Second worksheet allows students to explore concepts and practice problem solving.
• Homework completed allows students to explore concepts and practice problem solving. To compare student performance in the blended and traditional cohorts, we began with an unpaired t-test on the average exam scores. A simple comparison of averages does not tell the whole story, though, because the 'samples' (students) are not randomized and controlled. Theobald and Freeman show how to incorporate factors for student characteristics to get a more realistic picture of the effect of an educational intervention using multiple linear regression analysis (Theobald & Freeman, 2014) and that method is used here. In our study, the available characteristics were student gender, year in school, and major. Importantly, we did not have a measure of prior student success such as incoming GPA.
Student perception was quantified by counting frequencies of responses in the SALG survey.
To measure student's progress on Bloom's taxonomy levels throughout each week, we compared the score distributions on worksheets by Bloom's level. We also quantified gains by taxonomy level as the difference between each student's score on the first and second worksheets.
Results
Do students benefit from a blended course?
Although the blended course had slightly higher average exam scores (80.1%) than the traditional course (78.3%), an unpaired t-test did not show a statistically significant difference at a confidence level of 0.05 (p-value=0.116) (Figure 1 ). The scores were distributed differently, however, with fewer very low scores in the blended course than in the traditional course.
Before implementing multiple linear regression analysis, we examined the differences in the compositions of the two cohorts. The cohorts were different in student major and year in school.
Because we found that ME and BME students scored similarly, we combined those categories. The blended cohort had very few non-ME/BME majors ("non-majors" or "other"), but in the traditional cohort nearly one third of the students were non-majors (Figure 2 ). The composition By examining many different possible models from the multiple linear regression analysis, two candidate models were selected that can provide some insight. The first candidate model is a multiple linear regression with no interaction terms (Table 5 ). Student major is clearly an important consideration. The model estimates that non-majors score about nine points lower than majors. Also quite significant was the year term. Earlier academic career students had about four points higher per year modeled scores. The gender effect is not as significant but the estimated effect is four points lower for women. The cohort coefficient is the least significant. Another candidate model includes interaction terms (Table 6 ). In this model, backwards elimination was used to eliminate the interaction term between gender and cohort. Many of the interaction terms are borderline for significance, but this model continues to show that student major is important. Interaction terms are shown in Figure 4 , which provides the model's prediction of major, year in school, and cohort effects. Though no single model is definitive, examination of these and other candidate models consistently showed that major was the most important factor. Other characteristics such as gender and year in school (and the interactions of those terms) were possibly just as important as cohort. Still, the cohort term is significant, and it suggests that students in the blended classroom had lower exam scores, controlling for other variables and interactions. Student perception results show that most students generally rated the activities as helpful with the exception of the online reading assignment ( Figure 5 ). Individual free-form responses (not shown) were also useful in adjusting the class format. For example, students liked the active classroom but felt that the Monday lecture was rushed and so they requested a short mini-lecture on Wednesday. How do students progress on Bloom's taxonomy in the blended course?
The hypothesis that students first gain comprehension, then application, then synthesis levels as they learn new material was not supported by the worksheet results. Instead, the worksheets showed that students first achieve the application level. Figures 6 and 7 below show the score distributions by Bloom's level for the two worksheets in each topic. In the first worksheets, the comprehension level questions had lower overall scores than application level questions. There was no clear trend in synthesis level questions on the first worksheet for transverse shear in Figure 6 (the question was binary). The synthesis level questions on the first worksheet in stress transformations scored low (Figure 7) . The second worksheets showed that during in-class activities with the help of peers and instructors, students could both solve problems (application) and demonstrated an understanding of fundamental concepts (comprehension) as well as larger context within the course (synthesis). Students in general did very well on the second worksheet and are able to demonstrate mastery at each level by the end of the week. Gains in Bloom's taxonomy for each of the two concepts are shown along with 95% confidence intervals in Figure 8 . The gains tell the same story as the comparison of score distributions: students come into the classroom with a relatively good ability to solve simple problems (application level) but do not have conceptual understanding, so their gain in comprehension is on average higher than application or synthesis. We also asked students about their prior exposure to the material via lecture attendance, completion of reading assignments, other material, and homework. Lecture attendance (selfreported) was high, typically at least 90%, so we did not attempt to quantify any differences between attending and non-attending students. The students were more split on their preparation by reading assignments, other material, and homework. We looked for differences in worksheet scores between the prepared and un-prepared groups, but did not find significant differences.
Discussion
The blended cohort had the same average exam scores as the traditional cohort (statistically), but we found that the two cohorts were made up of very different students. Student major was one student characteristic that was strongly related to exam performance. This is not surprising as students whose background or interests are most closely related to the subject matter may be better prepared and interested in succeeding. Though not as significant as student major, the models showed that the blended cohort tended to score lower than the traditional cohort. This is contrary to our hypothesis that the blended format would benefit students, but the significance of this factor in the models is weak, suggesting that other factors are more important. Though the analysis is by no means definitive, it is helpful to observe the possible impacts of student characteristics for future study.
To better understand the benefits or drawbacks of the blended course compared to the traditional course, a future study could include characteristics such as incoming GPA, subject area interest, a measure of incoming preparation specific to the mechanics content (e.g., statics scores or a content survey), previous coursework, current course load, first-generation status, etc. In addition, though the exams in this study were similar, exam equivalence could be validated. The study could also be repeated to increase the sample size.
The Bloom's taxonomy-based analysis of learning in the blended classroom was instructive; one cannot assume that if students have been introduced to material that they have absorbed the underlying concepts. Too often, students are adept at finding formulas and learning to solve problems without much conceptual understanding; students take the 'surface' or 'strategic' approach to learning rather than the 'deep' approach as defined by Momsen et al. (2013) .
To create a more robust study of Bloom's taxonomy in mechanics of materials, the question set and the Bloom's levels could be validated. In addition, a longer question set that had more questions at each taxonomy level would make the results less reliant on any single question. Worksheet questions could also be matched to exam questions to measure if the gains from the first worksheet to the second were maintained in the exams.
Shear stress continues to be a perplexing topic for students in their first semester of mechanics of materials. Though we did not seek to uncover the reasons, experience in this course leads us to suspect that the shear stress concept is difficult because students are asked to use what is expertlevel knowledge of stress components and strong spatial visualization skills that they likely have not yet mastered. This is similar to the barrier mentioned by Forbes-Lorman et al. in regards to biology concepts (Forbes-Lorman et al., 2016) .
Conclusion
The suggestion that students can master application level work without conceptual understanding is a useful caution against problems that are easily solved using equations but do not require understanding (i.e., "plug-and-chug" problems). The comparison of average scores in the traditional versus blended course showed no difference, but simply comparing average scores between diverse cohorts of students is not a fair comparison. Most importantly, the traditional cohort had many more non-major students and we found that the exam scores for non-major students were on average lower than for major students. The results also indicate, though less clearly, that earlier academic career students performed better than later career students, and students in the blended course performed worse than those in the traditional course. This does not suggest that blended approaches are not useful (see the body of literature on flipped classes) but rather points out the importance of other student characteristics that make it difficult to categorically determine that one approach was or was not effective. Tables A1 and A2 show the student learning objectives mapped to specific assessment questions on the first worksheet (after lecture) and second worksheet (during active learning). The first worksheet needed to be shorter due to time constraints, so it had fewer questions and used more multiple choice questions, while the second worksheet included solving problems. Note that some learning objectives for the lesson were not included in the worksheet but appeared on the homework and exams. The actual worksheets are provided after the tables. 
Appendix: Worksheets

